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The East Lagoon and Watson Creek on the campus of Northern 
Illinois University act as catch basins for a number of input 
sources in the vicinity of DeKalb, Illinois. With "environ­
mentalism" being the catch phrase of the nineties, its is ever 
increasingly important to know the nature and extent of 
contamination of water bodies such as these, because of their 
impact, although indirect, on our society. The water in these 
areas contains only trace amounts of cadmium, chromium, and lead. 
However, the sediments contain sizable quantities of these three 
heavy metals, which in specific parts of the area are considered 
to be highly elevated. Therefore, there is reason to wonder what 
might be done to remedy this situation, if it is in fact deemed 
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The effects of contamination in surface waters are not 
necessarily intuitively obvious, but contamination in these areas 
can easily lead to contamination on a larger scale. Lakes, 
rivers and streams are generally part of an interconnected 
network; contamination of one link along the network can cause 
contamination of water bodies downstream. Also, surface waters 
tend to percolate into the ground and, if they are sufficiently 
contaminated, thereby contaminate the groundwater.
To study the surface waters, there are many types of tests 
that must be performed. To achieve the best results, it is 
necessary to do a comprehensive analyses, using as many types of 
tests as possible. These analyses usually account for the type 
and amount of chemicals that are dissolved in the water, as well 
as solid phases that are suspended within the water or trapped 
within the sediment. It is important to know the amount of 
inorganic as well as organic constituents, along with the factors 
that control them, such as pH, dissolved oxygen, conductivity and 
salinity.
From the data that are eventually generated by one of these 
comprehensive analyses, it is then possible to make some type of 
conclusion about the degree of contamination, possible sources of 
contamination and, ultimately, steps that may be taken toward 
remediation of the contamination.
Unfortunately, a study of this magnitude takes a great 
investment of both time and, more importantly, money. Therefore,
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the present study was obviously very restricted in its scope, 
being limited by both factors. However, since each component of 
a comprehensive study is important to the final outcome, this 
study could be of some significance if further analyses are per­
formed.
SITE HISTORY
The East Lagoon is located on the eastern side of the campus 
of Northern Illinois University (NIU), as shown by Figure 1.
Most of the information that has been documented about the lagoon 
can be found in old articles from the Northern Star and the 
DeKalb Chronicle newspapers. The lagoon has an interesting 
history, which tells that it is both a product of nature and of 
man. As a matter of fact, legend even has it that the lagoon was 
instrumental in locating the NIU campus in DeKalb in the first 
place.
Up until 1892, the lagoon was used as a gravel pit, which 
would fill with overbank waters from the Kishwaukee River during 
flood events. However, these waters would quickly drain, because 
of the high permeability of the soil on which they stood. At 
that time, the lagoon was something closer in description to a 
swamp, not to mention an eyesore.
However, in the early 1930's, 167 men from the Works Prog­
ress Administration began the work of draining and deepening the 
entire area. The north end was deepened to about six feet and 







Figure 1. Location of East Lagoon and Watson Creek.
entire lagoon were then packed with clay to prevent seepage of 
water into the ground (DeKalb Daily Chronicle, Oct. 1, 1973).
It was this project that shaped the lagoon into a form that 
was very similar to what we see today. However, approximately 
two years after the completion of the project, the area had 
filled with silt that had drained from local farms and overbank 
deposits from the Kishwaukee River. At that time, silt had to be 
dredged from the lagoon every few years (Dekalb Daily Chronicle, 
Oct. 1, 1975).
Finally, in 1954, the Army Corps of Engineers went to work 
on straightening and widening the Kishwaukee River, so that it 
would not overtop its banks during the rainy season (DeKalb Daily 
Chronicle, Sept. 14, 1964). This work caused the lagoon to 
become cut off from any inputs of fresh water, other than that 
which flowed to it via Watson Creek [Fig. 1]. With the comple­
tion of the Army Corps project, the lagoon was finally in its 
present-day state.
Since that time, the lagoon has required less maintenance. 
Two dredging's were done, one that occurred in the Spring of 1964 
and the other in the Spring of 1965. Also in the mid-1960's, the 
farmland that was near the headwaters of Watson Creek was being 
developed for the building of a church and a student housing 
complex. The development of this land acted to slow the erosion 
process,- which dramatically cut down on the amount of silt that 
was deposited in the lagoon. From the mid-60's on, there has 
been no documented dredging of the lagoon.
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Although there has been one other study to determine the 
degree of contamination of the lagoon, which was conducted by the 
NIU Wildlife Society in 1964, their results were not available to 
me. The only information about that study was found in the 
December 13 issue of the Northern Star. According to the arti­
cle, the study was not only going to determine the degree of 
contamination of the lagoon, but also decide what types of plant 
life should be included on the lagoon's periphery.
SITE MECHANICS
The lagoon is basically composed of two halves, one on the 
north and the other on the south, which are connected by a narrow 
strip of very shallow water [Fig. 1]. As mentioned, the Lagoon 
receives its input from local farms and the NIU campus via Watson 
Creek. The water from the creek enters the lagoon at the south­
west corner of the north half.
The lagoon acts as a retention pond for the creek input, 
with a spillway located in the northwest corner of the north half 
that funnels off the excess water. This excess water then flows 
into the Kishwaukee River, which flows northward past the site, 
so that it would be of great interest to know if the inputs from 
the lagoon are contaminated.
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PURPOSE
The purpose of this study is to examine the water and 
sediments of the East Lagoon and Watson Creek on the campus of
Northern Illinois University. Four trace metals, cadmium, 
chromium, mercury and lead, which are toxic to most organism at 
very low levels have been selected for study (Miettinen, 1975). 
The reason for the great toxicity of these metals is that, while 
evolving, most organisms were not exposed to high levels of these 
elements; however, in the past century, they have been mined in 
vast quantities for industrial use, a practice which has signifi­
cantly increased their concentration in our environment (Schroe- 
der and Darrow, 1973). Since most organisms are not able to 
metabolize and excrete these elements readily, they tend to 
accumulate in body tissues upon exposure, and build up in concen­
tration with continued exposure (Schroeder and Darrow, 1973). 
Therefore, these elements are of great interest with regard to 
environmental quality.
There are a number of reasons, judging by the commentary in 
Appendix I on contaminant sources, that heavy metals might be 
found in the lagoon in high concentrations. The first reason is 
due to the proximity of the lagoon to a highly traveled roadway, 
which would cause the lagoon to accumulate dust from auto exhaust 
very easily. The exhaust dust tends to fall within a distance, of 
30 meters from the roadway, which, if not already in the lagoon, 
would be easily transported there by rainwater (Cowan, 1982) [Fig 
2] .
Another source of contamination is Watson Creek, which 
drains some fields to the northwest of the NIU campus, as well as 
being fed by numerous storm drains as it winds its way through
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Transport of exhaust dust by rainwater. From Cowan.Figure 2.
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the campus. The fields may add contamination by runoff of 
fertilizers and pesticides, that contain heavy metals as well as 
numerous other toxic chemicals. The storm drains may add contam­
ination by picking up street, parking lot and building runoff, 
which could contain any number of unknown chemicals.
One outfall along Watson Creek was of particular interest.
It has been noticed by a number of observers that the discharge 
water from this particular site does not freeze in the winter 
time, while the rest of the creek does. The location of this 
outfall, as well as the storm drains that feed it, are included 
in Figure 3, which was obtained from the City Engineering Office 
in DeKalb.
W  METHODS
Sample Collection -- Sediments
The sediments were chosen to be sampled because they have a 
tendency to concentrate heavy metals within them, if any exist in 
the water environment. Therefore, sediments are a good indicator 
of metal contamination (Drever, 1988). The reasons for this 
phenomenon are that clay minerals tend to be good at adsorbing 
cations and anions onto their surfaces, because of charge imbal­
ances at the edges of individual clay crystals. Also, if any 
organic chemicals are present, they tend to attract metal ions as 
well. Then, the clays and organics both tend to settle out of 
solution and become trapped in the sediment, thereby causing the 
'w' metal ions that are attached to their structures to be trapped in







the sediment as well.
Because there were no devices readily available to me to 
collect core samples, one of the first projects of this study was 
to construct such a device. The final product is shown in Figure 
4. It is made from a 0.85 m piece of PVC tubing that is 3.7 cm 
in diameter. A 3.5 cm slit was cut in the side of the PVC, so 
that a clear plastic tube, approximately 1 m in length and also 
3.75 cm in diameter, could easily be slid in and out of the PVC 
through this opening. Sediment was collected in the clear 
plastic tube so that if any obvious lamination appeared in the 
sediment, it could easily be seen. I hoped to use these laminae 
to determine a stratigraphy for the sediments. PVC was used to 
strengthen the clear plastic tube, which was very thin walled, 
and thus flimsy.
The next step in the construction of the sampling device was 
to attach a piece of copper tubing to the outside of the PVC. A 
piece of plastic tubing was then fitted over the top end of the 
copper tubing. A balloon was attached to the bottom end of the 
copper tubing, and then the balloon was taped to the inner wall 
of the clear plastic tubing. With all of these attachments in 
place, the device was then ready to sample.
To sample the sediment, the entire apparatus was pushed, 
balloon end first, into the sediment, which was only 0.8 to 1 m 
below the water surface at its deepest point. At some point 
beneath the surface of the sediment, a solid layer was reached 
that could not be penetrated by the sampler. When this occurred,
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Figure 4. Lagoon sediment sampler.
a hand-held bicycle pump was attached to the open end of the 
plastic tubing and pumped approximately four times, so that the 
balloon would expand against the walls of the clear tube. Then 
the entire apparatus was removed very carefully from the water 
and capped on the bottom to prevent leakage of the sampled 
material. The clear plastic sleeve could then be slid out of the 
PVC and put aside. Then another sleeve could be inserted into 
the PVC and another sample taken. In this way, both bottom 
sediments and also the pore water within the sediments could be 
sampled.
After the samples were collected, they were drained of the 
water that existed in the column above them, then they were 
pushed out the bottom end of the sampling sleeve. Distinct 
sample intervals were then pneumatically squeezed to extract pore 
water. The pore water was filtered through a 0.2 micrometer 
filter at the same time. The filtrate was collected and acidi­
fied with concentrated nitric acid (HN03), according to Standard 
Methods (1989), so that the cation concentration could be deter­
mined later.
Next, the sediments were taken out of the sediment filtering 
device and collected in individual containers to let them air 
dry. When they had dried for a week or more, they were digested, 
according to Standard Methods (1989), in a boiling solution of 
dilute HN03. This process was performed so that the concentra­
tion of exchangeable metal ions in the sediment could be deter­
mined at some later time.
— Water
Water samples were also taken from the lagoon and from 
Watson Creek. The concentration of major metal species, i.e. 
calcium, magnesium, sodium and potassium, in the water were 
determined because they may lead to a better understanding of the 
processes of deposition of the contaminant metals.
The samples were collected, using a peristaltic pump, at a 
number of sites. Multiple samples were taken at each site, which 
corresponded to different depths in the water column (Table 3) . 
These samples could then be used to reconstruct a profile of the 
dissolved species at different depths. Water samples were 
filtered in the laboratory. Then the samples were acidified with 
concentrated HN03, according to Standard Methods (1989), for 
cation analysis.
To accompany the profiles of dissolved species in solution, 
profiles of the conditions that control the dissolved species, 
were also measured. The temperature, pH, specific conductance, 
salinity, dissolved oxygen, redox potential and depth were 
measured using a Data Sonde 3, submersible water quality data 
logger (Hydrolab Corporation, Austin, Texas).
-- Analytical Instrumentation
The instrument that was used to analyze both the water and 
digested sediments is a Beckman SpectraSpan V, DC Plasma Spectro­
photometer (DCP). Acceptable results were obtained for all of 
the metal ions, with the exception of mercury, for which the 
instrument seemed to give "noisy" results on two separate occa­
14
sions. This problem may have been caused by the fact that the 
mercury concentrations in the solutions were at or just above the 
detection limit of the instrument, which caused the numbers 
generated to be questionable. Also, the "noise" problem may be 
associated with some type of defect in the electronics of the 
instrument. In either case, it would be interesting to find out 
what other methods of recovery reveal about mercury concentra­
tions in both the water and the sediments.
DATA
The concentrations of the different metals in each sample 
are listed in the tables that follow, with separate sections for 
both water and sediment. All values are listed in parts per 
million (ppm). The amount of sediment used in the digestion 
procedure is listed, in the table of sediment concentrations, in 
parentheses beside its respective sample number; these weights 
are listed in grams.
The water samples that follow were taken from the various 
sites listed on Figure 5. In the tables, T stands for the 
surface of the water, M stands for a depth midway between the 
surface and the sediments, and B stands for water near the floor 
of the lagoon at each individual sampling site. The WC and LH 
samples in this data set represent the water that was squeezed 










Water — Heavy Metals — all values in ppm
Sample # Cd Cr Hg PbCreek Waters1 T 0 0.112 0.028
1 B 0.003 0.109 1.106? 0.0752 T 0.004 0.112 0.0382 M 0 0.102 0.047
2 B 0 0.100 0.044South Half Lagoon Waters
3 T 0 0.098 0.055
3 M 0 0.107 0.0363 B 0 0.100 0.006
North Half Lagoon Waters
4 M 0 0.124 0.0394 B 0 0.123 0.054
Outfall Water
5 0 0.114 1.158? 0.043
— above samples taken on 4-25-92
Sediment Waters
WC 1 0.078 0.028 0.113WC 2 0.148 0.037 0.119LH IT 0.090 0.020 0.058LH 1M 0.027 0.026 0.034
LH IB 0.106 0.021 0.036
W'' — above samples taken on 4-10-92
Included in Appendix II are the detailed analytical data, so 
that the individual reader may look at the numbers that were 
generated by the DCP to compare the values present within the 
text with the standards that the samples were run against.
The following are the results of the analyses of the water 
samples with respect to the major ions in solution. These ions 
can be thought of as the essential ions in natural waters.
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Table 2.
— Major Ions — all values in ppm
Sample # Ca Mg Fe Mn K NaCreek Waters
1 T 84.09 34.05 0.20 0.12 1.19 18.61 B 86.70 31.01 0.20 0.11 1.24 18.8
2 T 82.11 34.31 0.30 0.13 1.18 20.52 M 78.07 32.55 0.19 0.12 1.19 19.3
2 B 84.26 35.04 0.26 0.12 1.19 18.6South Half Lagoon Water
3 T 68.34 28.74 0.19 0.09 2.03 49.2
3 M 63.72 25.26 0.38? 0.09 2.00 52.4
3 B 55.06 25.47 0.19 0.09 1.99 53.8
North Half Lagoon Water
4 M 83.20 36.32 0.51 0.12 1.31 21.3
4 B 74,30 31.11 0.24 0.11 1.25 22.3
Outfall Water
5 55.35 26.28 0.67 0.11 5.47 58.2
— all samples taken on 4-25-92
W
Data in Table 3 were taken with the Data Sonde 3 probe at 
the same sites that the water samples were taken. An attempt was 
made to retrieve water samples from very near the same depth at 
which the probe took its measurements. Thus, the two data sets 
correspond as closely as possible.
Table 3 







1 B 9.67 7.91 103.9 308 0.1
2 T 9.48 7.96 130.2 309 0.2
2 M 9.47 8.01 115.2 298 0.3




9.61 8.16 106.0 292 0
3 M 9.60 8.20 98.4 286 0.3




9.11 7.93 122.6 292 0
4 M 9.10 7.92 126.9 276 0.2
4 B 9.13 7.93 104.0 277 0.3
Outfall Site 








It was noticed immediately that Site 5 was definitely 
different from the other sites. One other interesting number 
generated by the Data Sonde, not listed here, but also pertaining 
to site number 5, was the value of the specific conductance, 
which was 0.667 mS at site 5, but was very stable at 0.800 (+/- 
0.03) mS elsewhere in the creek and lagoon.
Sediment 
Table 4.
Sample #Sed. Wt., g
Cd Cr Hg Pb
WC 1 SED (7.53) 4.40 65.55 25.26 85.25
WC 2 SED (9.77) 4.71 52.75 23.05 63.93LH IT SED (9.06) 5.21 145.71 22.95 94.99LH 1M SED (8.80) 5.35 124.03 26.44 82.08LH IB SED (6.29) 5.17 176.10 35.84 166.23
LH 2 SED (7.12) 4.28 55.34 26.72 67.54
-values in ppm
WC = Watson Creek; LH = Lincoln Highway
The sediment in each of the cores was very fine grained 
overall, being composed mainly of very black clay and silt 
particles. The longest core was LH' 1, which was approximately 
seven inches in length. The other cores were considerably short­
er, ranging from about three to four inches. Again the limiting 
factor on core length was the maximum depth to which the sampler 
could be driven into the sediments. In each case, the core that 
was eventually taken was the one that gave the maximum length of 
sample at each particular site. To find the deepest area it was 
necessary to probe the sediments in different places with the 
sampling device.
Upon analysis, no stratification was noticed, in any of the
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^  cores, so that age dating was not possible. However, LH 1 was
split into three sections due to its length, T standing for the 
top one-third, M for the middle and B for the bottom. LH 1 was 
composed of especially fine grained particles, while each of the 
other cores contained a much higher concentration of silt. WC 1 
and WC 2 also contained a great deal of decaying plant material, 
due to the fact that they were taken in areas where trees hang 
over the creek.
INTERPRETATION
With such a limited data set, the interpretations of the 
data will obviously be very limited as well. Yet, there are 
still a number of ways to look at the data and try to draw some 
conclusions about the processes that are occurring in the creek 
and lagoon.
One way to analyze the data in a study such as this one is 
to look at each site individually, to determine if there are any 
trends that exist in regard to each particular component at each 
site. Then the trends for a specific site can be compared with 
the trends for other sites, to see if any overall trend can be 
established. If an overall trend does in fact exist, the anoma­
lous trends can then be easily picked out and analyzed more thor­
oughly.
Considered first the water analyses; several trends exist. 
Overall, chromium concentrations tend to decrease with depth,
W' while lead concentrations tend to increase with depth. However,
the water from site number two, in the north end of the south 
half of the lagoon, shows the inverse of this trend for both 
metal ions. The waters from site 2 also contain lower amounts of 
calcium, magnesium and manganese relative to the other samples 
taken.
One explanation is that dilution of this water has occurred 
by either a rainfall event or some other type of discharge. Yet, 
the concentrations of both sodium and potassium are elevated at 
site 2, which is not in agreement with the hypothesis that there 
has been dilution. The temperature and redox potential of the 
water at site 2 is also somewhat elevated in comparison with the 
other data. Hence, there is obviously something very different 
about the water at this site.
From Figure 5, it can be seen that site 2 is not directly 
affected by the water that discharges from Watson Creek, because 
of the shallow channel that exists between the north and south 
half of the lagoon. Yet, each of the other sample sites is 
either in the creek or affected in some way by the creek due to 
its location.
The water that comes from site 5 has unique properties. The 
major ion concentration mimics the major ion concentration of 
site two, with low concentrations of calcium and magnesium and 
high concentrations of potassium and sodium compared to the 
average. However, any correlation has already been ruled out, so 
that some other factors must be controlling the distributions of
these elements.
The temperature and dissolved oxygen at site 5 are radically 
different from measurements at any of the other sites, while the 
redox potential is similar to the data for the samples from 
Watson Creek, suggesting some correlation may exist there. In 
fact, the temperature tends to decrease away from the outfall 
upon closer analysis. Temperature is high at site 5, lower at 
site 1, still lower at site 2, and is the lowest of any measured 
temperature at site 4, which is in a downstream order. This 
indicates that the outfall does indeed exert some control on the 
water downstream. Dissolved oxygen, with the exception of site 
4, shows the same relationship as temperature, decreasing away 
from the outfall, while pH, also with the exception of site 4, 
shows an inverse relationship by increasing away from the 
outfall.
Though these relationships are interesting, it does not 
appear, based on the data gathered, that there is anything 
anomalous in the lagoon or creek that has an effect on the 
physical parameters that were measured with the Data Sonde 3.
The concentrations of metal ions in the outfall water appears to 
have no impact on the concentration of metal ions in the rest of 
the creek or lagoon. Once again, however, it would be necessary 
to have more data, if a complete understanding of the processes 
involved was to be understood.
However, with respect to the concentrations of the contami­
nant metals in the sediment, the evaluation is much easier to 
make. According to a study of sediments in Illinois lakes and
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streams (Kelly and Hite, 1981) [Table 5], the cadmium and chromi­
um levels are highly elevated in every sediment sample that was 
taken. The levels of these metals are especially high in the LH 
1 core. Lead concentrations were normal in all of the cores, 
with the exception of LH IB. Mercury values are exceptionally 
high but not to be trusted, because of the poor quality of data 
that was generated by the DCP when the samples were run for this 
particular metal. With only this exception, the rest of the 
values are considered to be very accurate, because the DCP ran 
very well when each of the other metals were tested.
For completeness a blank should have been made using the 
same techniques; however, this was not done, so that there may be 
errors in the numbers that were generated by the DCP. These 
errors could have come from a number of sources, including 
glassware, sample bottles and digestion acid. To minimize the 
amount of error, three digestion vessels were used, so that each 
only needed to be used twice to digest the six samples. The 
glassware was thoroughly cleaned between each digestion. Clean 
sample bottles were used for each sample and were never reused 
unless cleaned, and an instrument analyzed grade of HN03 was used 
to digest the sediments.
Another source of error is the process by which the sedi­
ments were pressed and filtered to obtain pore water samples. In 
this case, care was taken to clean the sediment filtering device 
between each sample taken. These sources of error may have added 
to the concentrations of the individual elements; by the same
Table 5. Classification of Illinois Lake Sediments.
Concentrations in ppm.











token, they may have cut the concentration of the particular 
metal as well. If in fact the concentrations were as high as 
those that I found, a small amount of error introduced by any of 
the above possibilities would not have a significant effect on 
the overall concentrations. Nonetheless, the data that were 
produced are very interesting in many respects.
The most satisfying information that can be derived from 
these data are that the distribution of lead in the LH 1 core 
came out as expected. It can be assumed that the bottom portion 
of the LH 1 core represents sediments that were emplaced before 
lead was excluded from gasoline in the early 1980's. This 
explains the high concentration of lead that was found in that 
portion of the core.
The concentration values for the other two metals, cadmium 
and chromium, are very disturbing. They are especially disturb­
ing in light of the fact that no source of these metals can be 
pinned down that would lead to such extreme concentrations. The 
only thing that can be said with conviction is that the high 
concentrations of these two metals, as well as lead, in the LH 1 
core are likely a product of the fine grain size of the core 





From the findings of this study, it can be seen that there 
is a problem with high levels of contaminant metals in the 
sediment of the East Lagoon and Watson Creek on the campus of 
Northern Illinois University. However, the extent of this 
problem as it relates to the fauna and flora that inhabit the 
area is something that remains to be seen. Also, the type 
remediation that should be performed is unknown, because, as 
previously stated, dredging the lagoon to remove the contaminated 
sediments might only exacerbate the existing problem.
Outfall number 5 is a point of great interest, since it 
displays characteristics that are extremely different from those 
in other areas. In fact, as the sampling for this study was 
being conducted, it was found that some variety of volatile 
organic chemical existed in the effluent water that is discharg­
ing from site 5 in concentrations readily detectable by smell. 
Tests were performed by the NIU Chemistry Department to determine 
the identity of this chemical, but the results were inconclusive. 
However, the analyst did state that he was 90% sure that it was 
some type of ether.
FUTURE STUDIES
I hope that the information found herein can in some way be 
used by other interested researchers. There is a wealth of 
information that is yet to be extracted from the lagoon, includ- 
W' ing studies of the anion content, the organic compounds present
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W  and the aquatic biology. As I have already stated, this study
was not intended to encompass all of the potential problems that 
exist in the lagoon, but was instead intended to answer a very 
specific question about contaminant metal content.
W
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• Appendix' I.
Sources ■ of. Contamination.
The sources of contamination of the elements of interest are 
many. Cadmium, which acts like lead and zinc in the environment 
and is generally associated with them, is mainly released by the 
combustion of fossil fuels (Kelly and Hite, 1981). However, 
cadmium is also used in batteries, tires, motor oils, heating 
oils, plastics, paints, water mains and pipes, photography, and 
various other chemical production industries (Rickert et. al., 
1977). Elevated levels of cadmium can result in hypertension and 
reduced life expectancy (Kelly and Hite, 1981). Also, concentra­
tions in natural waters of greater than 200 micrograms per liter 
are toxic to certain species of fish (Schroeder and Darrow,
1973) .
Chromium occurs in three common valence states in nature,
+2, +3, and +6/ it is the trivalent and hexavalent forms that are 
the major environmental concern (Kelly and Hite, 1981). The 
hexavalent form is used in metal plating, anodizing of aluminum, 
and in the manufacture of stainless steel, ceramics, paper and 
paint (Kelly and Hite, 1981). The trivalent form is used in 
photography, textile dyeing, ceramics and glass making (Kelly and 
Hite, 1981). Chromium is used also in cooling towers to prevent- 
corrosion (Kelly and Hite, 1981) . The burning of fossil fuels is 
again a major pathway by which this contaminant reaches the 
environment (Kelly and Hite, 1981). The hexavalent form is the 
most toxic to humans; it is corrosive and irritating to mucous 
membranes and is a known carcinogen (Kelly and Hite, 1981) .
Mercury occurs in the environment by a number of pathways as
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well. Historically, it has been used as a pesticide, but its use 
in this regard has been restricted in recent years (Kelly and 
Hite, 1981) . The major pathway for mercury into the environment 
presently is by commercial and industrial inputs from paint 
manufacture, dental work, and chlorine gas production (Kelly and 
Hite, 1981). Other uses of mercury are in electrical batteries, 
embalming, ink manufacture, the pharmaceutical industry, electro­
plating, pulp and paper mills, dye and tanning industries and 
textile plants (Rickert et. al., 1977).
Also, once again this contaminant is built up in the envi­
ronment due to the combustion of fossil fuels, with an average 
concentration of 10"6 grams of mercury per gram of fuel (Wollast, 
1975). With this concentration, there is approximately an 
emission rate of 50 * 108 grams of mercury per year into the 
environment (Wollast, 1975). High levels of mercury in water are 
those that are greater than 2 micrograms per liter (Schroeder and 
Darrow, 1973) .
Mercury poisoning is known to cause senility in humans. In 
fact, the classical case of mercury poisoning was in the felt hat 
industry in the 1800's, when mercury was used to finish the brim 
of the hat. As a result of this occupational illness, felt, hat 
manufacturers came to be known as "mad hatters", a term made 
notorious by Lewis Carroll's Alice in Wonderland. Presently, 
however, mercury poisoning usually accompanies ingestion of 
mercury-contaminated aquatic foods (Kelly and Hite, 1981).
Mercury tends to be concentrated in the body tissues, with
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concentration factors of more than 10,000 times that of the water 
in which the organism lives (Kelly and Hite, 1981) .
Lead is one of the most prevalent contaminants in the 
environment today. It, along with all the other contaminants can 
be introduced to the environment by the combustion of fossil 
fuels. Prior to the early 1980's when leaded fuels were phased 
out of gasolines, it was an even greater problem than it is 
today. In 1924, methyl-lead was introduced as a gasoline addi­
tive to prevent engine knock (Schroeder and Darrow, 1973). This 
lead is not used in the combustion process, and is thus emitted 
directly to the atmosphere as dust, along with cadmium, chromium 
and mercury. The dust then settles by dry fall or rain fall 
(Cowan, 1982).
Lead is also used in batteries, dyes and paints, photography 
and textile plants (Rickert et. al., 1977). The extent and 
toxicity of lead in humans seems dependent on age, with children 
being the most susceptible to neurological impairment (Kelly and 
Hite, 1981). The alkylation of lead, along with mercury and tin, 
causes moderately toxic substances to become very toxic 
(Schroeder and Darrow, 1973).
One positive point concerning lead (as well as the other 
contaminants listed) is that it tends to become incorporated in 
the sediments, rendering it quite immobile. Therefore, if no 
more of the contaminant is introduced into the environment, 
further contamination is not as likely to occur (Kelly and Hite,
W 1981). However, dredging of lakes and rivers to free-up circula-
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tion is yet another problem. While it certainly accomplishes the 
goal of freeing up circulation, it also contaminates the water, 
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DATA FILE = 5EANC*
ADJUSTED FOR DRIFT AND WEIGHT
CALIBRATION
For the polynomial of the form (Acc!=A{GH‘A{l)$(Qb5HA(2!*(0b5}${Qbs}. 
the least square fit for the Ail) is:
* OF STDS Ai0» Ad) A!O 1 Ct R
PB 8 0.008 1.0135 O.i.♦wv \}.9998
i name (raw- calc acc errorin
1 BL 0.0000 0.0077 0.0000 0.0
2 HI 17.2400 17.4802 17.2400 1.4
3 5TD2 11.8148 11.9818 12.3100 -2.7
4 STBi 16.9802 17.216? 17.2400 -0.1
5 BL 0.0521 0.0605 0.0000 0.0
6 STDS 4.0650 4.1276 4.CS0C l.£
7 BL 0.0189 0.0268 0.0000 0.0
8 STD4 2.1616 2.1984 £.£300 -1.4
REDUCED PB DATA FOR 'SEDIMENT HATERS 
PB
LH IB 0.0362 
LH IT 0.0583 
5TD2 11.3818 
5TD1 17.216?
WC 1 0.1126 
LH IN 0.0342 
5TD3 4.1276 
WC £ 0.1188 
STM 2.1984
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DATA FILE = SEAM1 
ADJUSTED FOR DRIFT AND WEIGHT
CALIBRATION
For the pcluncaial cf the fora (Acc}=AiG}+Ail}?i0b5HAiE}*<0bs)*(0bs}. 
the least square fit for the A'l) is:
DCP-AES DATA REDUCTION CcoartBent cf Geclcqu
Northern Illinois University
t OF STDS AiO) Ail) A c s s R
CD B 0.066 1.0106 0.0000 0,,9935
* naae irawJ calc acc error(5
1 BL 0.0000 0.0656 0.0000 0.0
£ HI 10.9000 11.0812 10.9000 1.7
3 5TD2 7.6772 7.8241 7.5100 4.2
4 BL 0.0408 0.1067 0.0000 0.0
5 STDS 5.2776 5.3992 5.9100 -3.6
6 BL 0.0472 0.1133 0.0000 0.0
7 STD4 2.8152 2.9106 3.0600 -4.9
8 STDI 10.6012 10.7793 10.9000 -1.1
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DATA FILE = SEANS 
ADJUSTED FOR DRIFT AND WEIGHT
CALIBRATION
For the polynoaial cf the fora (Acc)=A(0}fA<I)^(0b= j-fA(2)^{0bs.^(0b3).
the least square fit for the A(I) is:
i OF STDS AtOi A(l! AC5J R
CR 8 0.014 0.9873 0.0000 0.
# naae (raw! calc acc errcHXi
1 BL 0.0000 0.0139 ' 0.0000 0.0
2 HI 9.6000 9.4920 9.6000 -1.1o STDS 7.6313 7.5484 7.5300 0.2
A BL -0.0192 -0.0050 0.0000 0.0
5 STD3 6.1679 6.1035 6.0400 1.1
6 . BL "0.0202 -0.0060 0.0000 0.0
7 5TD4 3.3052 3.2771 3.3200 -1.3
8 STD1 9.7763 9.6661 9.6000 0.7












H I  £ I D  = i-TDl
CA f i t F E nr! n«- £R !.';i K f';'i
H I  1. 0 0 .  A3 9 4 .  O'? 2 3 . 5 1 9 . 7 5  9 4 . 0 ?  0 . 0 0  1 0 0 ^ 1 5 £ 0 . 0 7  - 5 . £ 5
E L 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0  0 00  0 . 0 0  0 . 0 0 0 . 0 0  0 . 0 0
DATA FILE = 5EAN3 
ADJUSTED FOR DRIFT AND WEIGHT
W  CALIBRATION
For the pcl'jncaial cf the t'crsi (Acci=Aid+Ail)*'(0bsH-A(2!)*(Qbs)*(0lj;
the least square fit for the A(I) :i=:
* OF STDS Aid All) Ai2) R
CA 13 1.697 1.0239 0.15000 0.9970
* name (raw) calc- acc error id
1 BL 0.00 1.70 0.00 0.0
£ HI 100.A3 105.03 100.43 4.6
3 BL 0.04 1.74 0.00 0 .0
4 STDS 44.80 47.7? 49.14 -2.7
5 BL 0.04 1.74 0.00 0 .0
6 5TD4 17.76 19.98 23.78 -16.0
7
t BL 0.06 1.76 0.00 0.0
8 STD2 64.57 £8.13 73.02 -6.7





1 43.19 46.14 49.14 -6.1
11 BL 0.07 1.77 0.00 b.o
12 5TD4 17.70 19.91 23.78 -16.3
13 5TD1 97.74 102.27 100.43 1.8
* OF STDS A(0! A(l) A(2) R
HO 12 1.080 1.0209 0. 0000 0.9982
4 naae (raw) calc acc error(n)
1 BL 0.00 1.08 0 .00 0.0
2 HI 94.09 97.13 94.09 3.2
o
u BL 0.03 . idl •0.00; 0 . 0
A STDS 45.29 47.32 48.56 -2.6
5 BL 0.04 1.12 0 .00 0 .0
£ 5TD4 19.51 21.00 23.82 -11.8
7 BL 0 .0 2 1.10 0 .00 0 .0
8 5TD2 68.22 70.72 71.82 -1.5
9 BL 0.03 1.11 0 .00 0 .0
10 STDS 45.92 47.96 48.56 . -1:2
11 BL 0.06 1.14 0 .00 0 .0
12 STC4 18.41 19.88 a . B d . —16. d
* OF STDS A(0) Ad) i>12) F!
FE 12 0.154 1.0113 0.0000 0.9988
* naae (rawj calc acc error's)
1 BL 0.00 0.15 0 .00 C.O
2 HI 23.51 23.93 23.51. 1.8
--.-5 ..XT*r^  * rr.-.tHsc-r: -• .. --------------;.^0r.02- ^ -C G -z .
•• ?-»0* -
A STDS 13.51 13.82 13.83 - 0 . 1
5 BL 0.03 0.19 0 .0 0 0 .0
6 5TD4 6.24 6.47 7.10 -8.9
7 BL 0.04 0 .1 ? 0 .00 0.0
g 5TD2 18.81 19.13 19.44 -1.4
c DL 0.C4 0.20 0 .00 0.0
10 STDS 13.87 14.18 13.33 £ .5
11 E l 0.C4 0.20 0 .00 0.0
12 5T04 5.91 6.13 7.10 -13.?
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D A T A  F I L E = SEA:’-3 ( c o n t .)
i OF 5 l D'i A-0; A Cl! A C£) ft
HN 14 0.074 i m/.A n rifina fi
* naae Craw! calc acc e-r rcrCS!
1 BL 0.00 0.07 0.00 0.0
2T HI 9.75 9.99 ?:?5 2.4
•nj EL o.oo • 0.08 0 .00 0.0
...4........ STD3 4.45 4.81 4.81 —0 . 1
.5. ■ BL uLcv1 0.08 0.00 0 . 0
6 STD4 2.03 £.13 2.33 -8.4
1. BL"' 0.00 0.08 0.00 0.0
...s.................. STD2* 6.46 ■ ■ . 6.65 7 '6.85 . -3,0
9 ’ BL 0.00 0.08 u . 00 0 . 0
-  -10 5TD3 .... 4.47 4 "61 4.'81 -4.1
n BL 0.00 0.08 0.00 0 .0
12 STD4 2.02 2.12 2.33 -8.9
13 5TD1 9.59 9.83 9.75 0.8
14 BL -C.G4 0.03 0.00 0.0
* OF STDS ACO) All} AC2) R
HG 12 •1.204 1.0096 0.0000 C .9975
* naae Craw) calc acc error's 5
1 BL 0.00 1.20 0.00 0.0
p HI 94.09 96.20 94.09 2 £
3 BL 0.03 1.24 0.0G 0.0
4 5TD3 43.41 45.03 48.56 j r r  o; .u
5 BL 0.06 1.27 0.00 0.0
6 STD4 . 19.72 21.11 23.82 -11.4
7 BL 0.10 1.31 0.00 0.0
8 5TD2 72.18 74.08 71.82. 3.1
9 BL 0.11 1.31 0.00 0.0
10 STDS 45:09 ‘ 46.73 48.56 -3.3
.11 BL 0.11 1.32 0.00 0.0
12 5TD4 18.50 19.88 23.82 -16.6
* OF STDS ACO! AC15 ACS! ft
1C 12 0.177 1.0116 0.0000 0.9965
i naiae Craw! ‘ calc acc errcriS!
1 BL 0.00 0.18 0.00 0.0
2 HI 23.27 23.72 23.27 1.9
3 BL 0.10 0.28 0.00 0.0
4 STD3 18.23 12.55 13.24 -5.2
5 BL 0.15 0.33 0.00 0.0
6 STD4 6.49 6.74 7.71 -12.6
7 BL 0.19 0.37 0.00 0.0
1 STD2m 18.17l»..ffl6.03 •18.551S..916.27 17.68 7. / I 4.9-D..9)-18.6
W
WD A T A  F I L E = S E A N 3 (cont.)
OF STDS Tl I '. !• AI! 4;2! P 40
HA 13 0 7:74 0.197! 0.0074 0 OGCC
* nane train calc acc error?«}
1 BL 0.00 0.2; 0.00 c.o
U. HI 95.25 85 .‘"4 v5.25 _r. ■ ;-.i •
3 Bl. -0.01 0.27 O.CO 0 .0
4 5TD3 72.53 53.36 51.09 4.4 '
5 EL 0.00 0.27 0.00 G.O
6 5TD4 41.02 20.76 23.75 -12.6
7 EL 0.00 0.27 0.00 0.0
9 5TD2 90.35 78.28 72.28 3.3
.9 BL 0.00 0.28 c . 00 0.0
10 5Tp3 75.52 57.21 51.09 12.0
11 BL 0.01 0.23 A AA V . VV 0 .0
12 5TD4 39.71 19.73 23.75 -16.9
13 EL 0.04 0.28 C.00 0.0
* OF STDS A(0) A(1j A»2J P
NA 13 C.405 1.0254 0.0000 0.9981
* naee 'rawi calc acc error'!*) .
1 BL 0.00 0.41 0.00 0.0
2 HI 95.25 98.08 95.25 3.0
3 STD2 69.53 71.71 72.28 -0.8
A BL 0.66 1.08 0.00 0.0
5 5TD3 46.95 48.55 51.09 -5.0
6 BL l'.OO • 1.43 0.00 0 . O'
7 5TD4 20.01 20.93 23.75 -11.9
8 5TD2 71.95 74.19 72.28 2.6
9 BL 1.9? 2.44 0.00 0.0
10 5TD3 ’ 46.79 43.39 51.09 . -5.3 .
11 BL 1.90 2.36 .0.00 . • ’.0.0
12 5TD4 19.09 19.98 23.75 -15.9
13 5TD1 92.45 • 95.20 95.25 -0.0.
5EAN PAULSEN LAGOON HAJ0R5 FIRST REDUCTION l
CA HG FE MN HG SR CA K NA NA
A B 86.70 .31.01 0.20 0.11 31 .'79 0.00 0.00 1.24 18.8 21.2
IT 82.11 34.31 0.30 0.13 30.77 0.00 0.00 1.18 18.1 . 20.5
IB 84.26i 35.04 0.26 0.12 31.19 0.00 0.00 1.19 18.6 20.9
5TD2 83.29 79.68 20.79 7.72 69.28 0.00 O.CO 17.21 67.6 71.7
A T 84.09* 34.05 0.20 0.12 29.83 0.00 0.00 1.19 17.8 20.7
5 63. OS 29.19 0.68 0.11 24,60 0.00 0.00 5.78 58.2 60.3
5TD3 47.79 47.. 32 13.82 4.81 45.03 0.00 0.00 12.55 53.4 43.5
2H 63.72 25.26 C.3S 0.09 25.22 O.CO 0.00 2.00 52.4 47.4
1M 78.07 32.55 0.19 0.12 30.49 0.00 0.00 . 1.19 19.3 21.3
STM 19.98 21.00 6.47 2.13 21.11 0.00 0.00 6.74 20. S 20.9
3M 83.20 36.32 0.51 0.12 30.31 0.00 0.00 1.31 21.3 . 22.1
2T 68.34 23.74 0.19 0.09 25.12 0.00 0.00 2.03 49.2 45.0
5TD2 68.13 70.72 19.18 6.65 74.08 0.00 0.00 18.55 78.3 74.2
SB 74.30 31.11 0.24 0.11 29.62 0.00 0.00 1.25 22.3 22.4
2B 55.06 25.47 0.19 0.09 25.35 0.00 0.00 1.9? co  p 45.0
STDS 46.14 47.96 14.18 4.61 46.73 O.CO 0.00 12.98 57.2 48.4
5 55.35 26.28 0.67 0.11 23.13 0.00 0.00 5.47 58.2 56. >3
ST04 19.91 19.83 6.13 2.12 19.88 ' 0.00 0.00 6.27 19.7 20.0
5T01 102.27 90.75 22 ^2 89.58 0.00 0.00 22.30 79.5 95.2
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DA in f'lLE = illAN-i 
ADJUSTED TOR DRIFT AND WEIGHT
CALIBRATION
Fcr the ecl'incBial ct' the fcrm (Acc*=A(OJ+Ail)*i0b5H-A*£}*(0ba *TtQb=* 
the least square fit for the All; is:
* OF STDS 
CP. 18







* name i raw« calc 3CC error*%
1 BL 0.0000 0.0300 0.0000 0.0
2 HI 9.6000 9.5558 9.6000 -0.5
nO 5TD2 7.4593 7.4316 7.5300 -1.3
4 BL -0.0037 0.0263 0.0000 0.0
5 BL -0.0165 0.0136 0.0000 0.0
6 STB4 3.2626 3.2674 3.3200 -1.6
7 BL -0.0133 0.0167 0.0000 0.0
8 BL -0.0245 0.0057 0.0000 0.0
9 STDS 5.8644 5.8491 6.0400 -3.2
10 BL -0.0195 0.0107 0.0000 0.0
11 5TD4 3.2098 3.2150 3.3200 p
12 BL -0.0137 0.0164 0.0000 0.0
13 STD2 7.6638 7.6346 7.5300 1.4
14 - BL -0.0359 -0.0057 0.0000 0.0
15 STDS 6.1299 6.1125 6.0400 1.2
16 BL -0.0273 0.0029 0.0000 0.0
17 5TD4 3.3772 3.3811 3.3200 1.8
18 STD1 9.7821 9.7365 9.6000 1.4
SEAM PAULSEN CR DATA SECOND REDUCTION 
CR
IJC 2SED 4.9359 2T 0.0976
WC 1SED 5.1536 2H 0.1073
STD2 7.4316 ST02 7.6346
•LH 1BSE011.0766 3H 0.1243
LH 1H5ED10.9150 2B 0.1101
STDS 6.5663 5TC3 6.1125
LH 2SED 3.9401 3B 0.1234
LH 1TSED13.2016 5TD4 3.3811











DCC -CC- D A T A  K C U C T I O r i 42C c p s r i a o n t  c f  G c c i : : v i  
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DATA FILE = 5EAN5 
ADJUSTED FOR DRIFT AND WEIGHT
CALIDRATION
For the polynomial of the fern (Acc}=A(OH-A(i/S(Qbs}FA(2)T(Obs/*(Ob=- 
the"least* ~s‘duare 'fit f'ar'Tfie'A'fU' 1=:' " " ' ' ' .......
t OF STDS At 0 J Ail) A(£! R
W
W
CD 20 -0.Q06 1. 0086 0. 0000 0.9995
* naae (raw) calc acc erroriX
1 8L 0.0000 -0.0057 0.0000 0.0
2 HI 9.9600 10.0404 9.9600 0.8
3 STD2 7.3886 7.4467 7.5100 -0.8
4 •BL 0.0137 0.0081 0.0000 0.0
5 5TD3 6.0575 6.1041 5.9100 Z>. Cj
6 BL 0.0088 0.0031 0.0000 0.0
7 5TD4 2.9501 2.9699 3.0600 -2.9
8 '• BL 0.0254 0.0199 0.0000 0.0
ot 5TD2 7.7427 7.8039 7.5100 3.9
10 BL 0.0143 0.0087 0.0000 0.0
11 5TD3 5.5922 5.6348 5.9100 -4.7
12 BL 0.0323 0.0268 0.0000 0.0
13 5TD4 3.0019 3.0221 3.0600 -1.2
14 BL 0.0523 0.0471 0.0000 0.0
15 5TD2 ' 7.4778 7.5367 7.5100 0.4
16 BL 0.0606 0.0554 O.OCOC 0.0
17 STDS 5.7853 5.8296 5.9100 -1.4
18 BL 0.0646 0.0594 0.0000 0.0
19 STD4 2.8904 2.9097 3.0600 -4.9
20 STD1 9.7608 9.8394 9.9600 -1.2
SEAN PAULSEN.CD DATA FIRST REDUCTION
CD
LH 2SED 0.3048 5 -0.0029
LH 1TSED 0.4719 3H -0.0070
STDS 7.4467 5TD2 7.5367
WC 2SED 0.3312 2B -0.0021
LH 1B5ED 0.3252 IT 0.0037
5TD3 6.1041 STD3 5.8296
LH 1H5ED 0.4704 IB -0.0067
WC 1SED 0.4600 5TC4 2.9097
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DATA FILE = 5EAH4 
ADJUSTED FOP. DRIFT AND WEIGHT
CALIBRATION
For the pclencaial cf the fora iAccJ-AfOM-Ail )*iObs*!Ai2)*(0bs}~iObs!. 
the least square fit for the A(I) is:
* OF STDS A(0) Ail} Ai2‘ 1R
PB 19 -0.001 1.0003 0.0000 0.9995
* naae (raw) calc acc errori*'
1 BL 0.0000 -0.0007 0.0000 0.0
2 HI 9.9600 9.9624 9.9600 0.0
3 BL 0.0048 0.0041 0.0000 0.0
A 5TD3 3.9612 3.9817 4.0800 -2.4
5 BL 0.0205 0.0198 0.0000 0.0
6 5TD4 2.1739 2.1738 2.2300 -2.5
7 BL 0.0277 0.0270 0.0000 0.0
S 5TD2 12.1492 12.1523 12.3100 -1.3
9 BL 0.0449 0.0448 0.0000 0.0
10 5TD3 4.0043 4.0048 4.0800 -1.8
11 BL 0.0104 0.0097 0.0000 0.0
12 STD4 2.2363 2.2363 2.2300 0.3
13 BL 0.0248 0.0241 0.0000 0.0
14 5TD2 12.6903 12.6936 12.3100 3.1
15 BL 0.0075 0.0068 0.0000 o : o
16 5TD3 4.2705 4.2711 4.0800 4.7
17 BL 0.0231 0.0224 0.0000 0.0
18 STD4 2.1744 2.1744 2.2300 -2,5.
19 5TD1 9.4600 9.6624 9.9400 -3.0
SEAN PAULSEN PB DATA FIRST REDUCTION 
PB
LH 1BSED10.4559 3B 0.0539
LH 2SED 4.8091 4B 0.0755
5TD2 13.0942 STDS 12.6936
WC 25ED 6.4193 4T 0.0277
"  XH-ITSED-'OOSSj '' ' IT 0.0381
STDS 3.9817 5TD3 4.2711
LH 1H5ED 7.2230 IB 0.0439
WC 15ED 6.2455 5TD4 2.1744
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DATA FILE = SEAN?
AC-JUSTED FOR DRIFT AMD WEIGHT
CALIBRATION
Per the pclancaial cf the fere (Acc!=AiO}}-A(i!T{Ob= • l-AiEi’HGbsI’hObs! . 
the least sauare fit Tor the A'li is:
* OF STDS A i O : A i l }  A i[5; R
HG 11 1.508 0.8083 0.0000 0.C1355
* naae (raw} calc 3CC error > %
1 DL 0.0000 1.5077 0.0000 0.0
E HI 8.8400 8.6535 8.8400 -2.1
3 5TD2 7.3057 7.4133 7.8100 -5.1
A BL -2.1844 -0.2580 0.0000 C . O
5 5TD3 5.6881 6.1057 5.5800 9.4
6 BL -2.2254 -0.2911 0.0000 0.0
7 5TD4 2.9015 3.8532 2.8000 37.6
8 BL -2.5376 -0.5436 o.oooe 0.0
3 5TD2 7.9645 7.9457 7.8100 1.7
10 DL -5.6968 -0.6722 0.0000 0.0
11 5TD1 7.9394 7.965? 8.8400 -9.9
SEAN PAULSEN HG DATA FIRST REDUCTION
HG
LH 18 1.1724
l h m 0.9801
STDS 8.2412



















HONORS THESIS ABSTRACTS 
THESIS SUBMISSION FORM
AUTHOR: PoULllsi/^ _____________ _ _____________________
THESIS TITLE: Ck&WviciA v\l Lo^ooyv WbJ-Ctr aukJL S^dJVvUAohr
ADVISOR: % \X^ fLKl C. ______________ ADVISOR’S DEPT: OooU^l)_________
DISCIPLINE: ________________________________ YEAR: __________
HONORS PROGRAM: tvlov-H^v^ Xt- Qvu\r^XrU|_____________________
NAME OF COLLEGE: o^ vol Sci^ e^ vctj______________________
PAGE LENGTHS A A  BIBLIOGRAPHY (YES OR NO): VeT • ILLUSTRATED (YES OR NO):
PUBLISHED (YES OR NO):_____ IF YES, LIST PUBLICATION:_________________________
COPIES AYATLABLE (HARD COPY, MICROFILM, DISKETTE): iW-d Co.pij ______________
SUBJECT HEADINGS: (Choose 5 key words or phrases by which a reader could 
find your thesis)GC/QcA^ jlwm s4*v\^ _____________________  Siur£&.ci v OaA*<-^  Covc4-tM^ KaArf>o^
£^jcM>vv€.v\,V C-OV^ Vtmvv^  y\jv^ -Qow_________  t-Vcr^ vAj V^VO^ x\A. J_______________
MTA) Ucigoovs ______________
v■ ABSTRACT (100-200 WORDS): TVv&- fccuiV LouCjOoyi cuuvcX W qc^ O A  C p w .  -PK-C 
Nbor-ViMJno XTlfw^CT QvaA vdr^ oMr (kS coJrcU loetsTw* To w- tx 
wxxAwvUe^ r o£ tvvowV govAArtj^S fw HvL >Mciyr\-*Tj o£ Pli^ £aAlg t X^ lUvioLf _ wlFH^
** 6vvvVvovAwvejA4-x\-l’rsvv\VV Vaeiwc* VivL C-oJrcU pVilm&fc o£ ^ X  iA^ we.Vt^ X t 14r- t c 
e>rCAr Ywcv~gc3ucrwc>|lvi rvvvy<y<r4t3awV -K> 1<Ma o w  TKa  vu>^ xMrC (MvdL e^fl W-Vi-V' or
ejorU-tX-Vvv^ vanAiXwx wftA-Or loodLfrCi SiAAU AS  ^ Ug^ LctUiK, o£- "HvfciV____
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flUrt-A/i CjOwVciM,A Q^VtW| W tiuCjL * OuWvmm-Va ofi pJk<Lvvvf\JuVVV t cAw~0 W\IVA-^hA t VV^ LV~CMATj( 
OUacL  U jQlcL. U o x N L v O r   ^ 4eixJt~ s^iUw\gj>AVT UOvA^tvh* y t ^ g iU g l t  Q\JLAVv4C4Tej o(^ 1
VkgA*/ £ovUr VvLfrAAJ \!wvjl4-&uU  v wVvf*X\ 1V\ sp<x>T£re, «^nr4rf *Hm > Cmv^A
OurE cKm&frdLur-ccL -ft* loju UjjjUiAj LKAjwu c^AI TVuLvt.fV»-C^  'i'fcjLV-c, f$ fr-coXO/ta 
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